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SUMMARY 

AIRCREW/COCKPIT COMPATmH..ITY: A MULTIVARIATE PROBLEM SEEKING A 
MULTIVARIATE SOLUTION 

by 
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J( Allcrew/cockpit compatibility depends on an interaction between the anthropometry of individual aircrew members and the 
geometry of the cockpit. Selection criteria in the past have attempted to deal with this interaction, but the model was too simple. 
This is a multi-variate problem which requires a multi-variate solution. Essentially the problem is one of charting the region of 
intersection between the anthropometric data domain and a set of rules or criteria which define •operability'. The nature of this 
problem was demonstrated through computer simulated fitting trials of subjects in a number of cockpit-like geometries. The 
simulations clearly demonstrate that membership in a particular category of •fit' depends on interactions between workspace and 
anthropometry which are geometry specific. Further, the simulations show that the establishment of analytical expressions to 
define class membership is complex and appears to require a non-linear approach. The consequences of these results are dis
cussed in terms of establishing selection standards and determining design criteria for cockpits which are compatible with these 
standards. It is argued that cockpit design must be based on an extensive sampling of human characteristics in order that the full 
range of interactions, between various anthropometric dimensions and the workspace, is represented.// 

1. INTRODUCTION 

It is assumed that the purpose of applying anthropometric selection criteria is to screen out those candidates whose physical 
characteristics would be incompatible with the workspaces they must occupy or with the tools and equipment they must use in 
performing their duties. Obviously, selection criteria must reflect the limitations of the workplace environment if this goal is to 
be achieved. The link between operator selection and workspace geometry is inseparable; selection criteria should reflect the 
characteristics of the work environment, and workspace design should reflect anthropometric selection criteria. In practice this 
is seldom the case. Anthropometric selection criteria are often established solely within the domain of the anthropometric data, 
with apparently little acknowledgement that •compatibility' depends on the interaction between the anthropometric characteris
tics of individual subjects and workspace geometry. Generally, selection criteria are based on regions of acceptance, typically 
established independently on each anthropometric variable of interest. Ranges for workspace design are similarly based. 

This paper examines the effects of interactions between individual anthropometry and workspace geometry with a view to 
establishing the consequences of these interactions in developing selection strategies and guidelines for design. The problem of 
defining physical compatibility in the workspace, is essentially one of charting the region of intersection between an anthro
pometric data space and a set of rules or criteria which define •operability' in a workspace. The non-linear multi-variate nature 
of this problem is demonstrated through computer simulated fitting trials of subjects in a number of cockpit-like geometries. The 
simulations make use of a simple sagittal plane manikin to represent the human skeletal form. 

2. THE NEED FOR A MULTIVARIATE DISTRmUTED APPROACH 

Recent articles and letters in the human factors literature [1-3] have raised the issue of anthropometry and workspace 
design. Kleeman's contribution [3] supports the contention that perhaps all is not well with some of the established methods for 
applying anthropometric data to design, however, his suggestion to extend the design range from the more usual 5th and 95th 
percentile values to the 1st and 99th values may be begging the question. Perhaps the problem lies less with which percentile 
limits are chosen, but more with the way in which anthropometric data are applied. 

The problems which result from assuming that anthropometric dimensions are perfectly correlated, is well documented [ 4-
6] and it is recommended that multi-variate techniques be used in an effort to overcome limitations inherent in uni-variate 
methods [7]. Yet most traditional methods for the application of anthropometric data are uni-variate, so far as their ability to 
handle correlations between anthropometric variables is concerned. Falling within this category is the most common procedure 
for design, that is, the use of percentile data [8) mapped into the workspace domain through graphical procedures [7], drawing 
board manikins [91 or their computer generated counterparts [10-12]. 

Although the fallacy of the average man is well recognized [8], it would seem that an equally fallacious concept, the n
percentile person, is firmly entrenched within traditional methods. In making this claim it is accepted that few manikins, for 
example, are made entirely from segments of the same percentile, that is, all 5th or all 95th percentile values. Rather the criti
cism of these widely used methods stems from their limited, often non-existent, ability to represent the range of individual 
differences in the user population for any other than the most simple of workspace geometries. 

A notable exception to this approach can be found in the work of Bittner et al. [13,14]. They argue that if an anthro
pometric data base is conceptualized as an n-dimensional hyper-space, then a relatively small number of suitably chosen mani
kins could characterize the hyper-ellipsoid surface which encloses any given proportion of a user population. From a principle 
component analysis, the hyper-space was estimated to be approximately 4-d.imensional Normal, giving rise to a 'CADRE' of 17 
manikins. Although the 17-member CADRE is intended primarily for workspace design, it is possible that this approach could 
be adapted to the development of selection criteria. However, CADRE is founded on the belief that points on a hyper-surface 
which enclose a given proportion of the population data, will retain this property after transformation from the domain of the 
anthropometric data into the workspace domain. This may not be the case with certain workspace geometries. There exists the 
possibility that the requirement to manipulate the position of operators to satisfy various criteria such as vision and reach, will 
















